We established the nationwide, population-based incidence of oligodendroglioma in Denmark during 59 years of monitoring and compared the overall survival of patients with oligodendroglial tumors during the periods 1943-1977 and 1978-2002. On the basis of reports in the Danish Cancer Registry, 1,304 cases of oligodendroglioma were included in the study. We calculated sex-and age-specific incidence rates in 5-year age intervals and for 5-year calendar periods. Overall survival was estimated by the Kaplan-Meier method. In the period 1943-2002, the incidence rate of oligodendroglioma was less than 1 case per 100,000 person-years, but varied somewhat when viewed across isolated periods. Comparison of the incidence rate before and after the introduction of CT scanning did not reveal a significant difference in the incidence rate. The median survival increased from 1.4 years (95% confidence interval [CI], 1.0-1.6) to 3.4 years (95% CI, 2.6-4.2) during the period of study. The overall incidence of oligodendroglioma showed a relatively stable pattern over nearly 60 years of monitoring. Overall survival improved significantly during the study period, which could partly be due to improved diagnostic methods and treatment options. Neuro-Oncology 11, 311-317, 2009 (Posted to NeuroOncology [serial online], Doc. D07-00260, December 9, 2008 DOI: 10.1215 DOI: 10. /15228517-2008 P rimary brain tumors are a heterogeneous group of relatively uncommon but particularly lethal cancers. Gliomas are the most common major subgroup of primary brain tumors. Oligodendrogliomas are a rare type of glial tumor but are interesting because they are considered to have a better prognosis than other tumors of this type and are particularly sensitive to chemotherapy.
P rimary brain tumors are a heterogeneous group of relatively uncommon but particularly lethal cancers. Gliomas are the most common major subgroup of primary brain tumors. Oligodendrogliomas are a rare type of glial tumor but are interesting because they are considered to have a better prognosis than other tumors of this type and are particularly sensitive to chemotherapy. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Furthermore, recent research on oligodendrogliomas and other glial tumors has shown that how these tumors respond to chemotherapy is influenced by the presence of certain tumor genetic anomalies such as loss of 1p and 19q. [1] [2] [3] [4] [5] [6] 11, 12 Oligodendrogliomas progress slowly and usually arise in the white matter of the brain with involvement of the frontal lobe in more than half of the cases. They are characterized by diffusely infiltrative growth, resulting in a high incidence of seizures during the course of illness. 2, 3, [13] [14] [15] [16] They are usually diagnosed in adults aged 40-60 years and slightly more frequently in men than in women. 2, 4, [15] [16] [17] No risk factors for oligodendroglioma have been established. Cases have been documented in patients previously irradiated for other reasons, but these account for only a small fraction of all oligodendrogliomas. 17 The incidence rates of oligodendroglioma range in different studies from 4% to 33% of all gliomas. 3, [17] [18] [19] [20] [21] This range of rates might be explained by improvements in diagnostic procedures and access to more scanners over time or to increased awareness of oligodendrogliomas because of better treatment results and improved prognosis. Another explanation might be associated with problems in the diagnosis, classification, changes in the criteria for diagnosis of oligodendroglioma versus astrocytoma, period of study, and grading of oligodendrogliomas.
The most frequent genetic alterations in oligodendrogliomas are loss of heterozygosity on chromosomes 1p and 19q. The proportions of tumors with these changes were 40%-92% and 50%-80%, respectively. 17 Most oligodendrogliomas show loss of heterozygosity at both sites. 14, 17 The tumor suppressor genes expected to map within these regions have not yet been identified. 26 Several studies have shown that loss of heterozygosity at 1p with or without that at 19q is strongly associated with chemosensitivity and longer recurrence-free survival after chemotherapy. 5, 11, [24] [25] [26] The results of this large population-based study on the incidence of oligodendrogliomas cover the period 1943-2002 and include data on survival in the period 1943-1999, representing nearly 60 years of nationwide cancer registration in Denmark. Complete information on 1,304 oligodendroglioma patients has been collected.
Materials and Methods
We included all persons from birth to more than 90 years old with oligodendroglioma in Denmark who were reported to the April 1, 1968 , when all residents were assigned a 10-digit personal identification number, which includes six digits for date of birth. We iden tified the vital statistics of all patients during the period of study by matching the study population to this Registry.
We calculated age-specific incidences for both sexes in 5-year age intervals and for 5- 
Results
In the period 1943-2002, 1,304 patients with oligodendroglioma were reported to the Danish Cancer Registry, 695 (53%) of which were men and 609 (47%) women, for a male:female ratio of 1.1:1 (data not shown). During the period of the study, the incidence of oligodendroglioma showed some variation, ranging from 0.21 cases/100,000 persons per year in 1943-1947 to the highest incidence of 0.56 cases/100,000 persons per year in 1978-1982 ( Fig. 1 and Table 1 ). Analysis of data in Table 1 produced an average total incidence rate of 0.37 cases/100,000 person-years before 1978, and an incidence rate of 0.40 cases/100,000 person-years subsequent to 1978 (even with the inclusion of the particularly high incidence rate of 0.56 in the years [1978] [1979] [1980] [1981] [1982] . The steepest increase in the incidence took place from the beginning of the study period (1943) to around 1960. From the period 1958-1962 the incidence rates have varied somewhat when viewed across isolated periods and have been relatively unchanged throughout the time of the study. The incidence rates for men and women separately showed a similar pattern. Overall, the incidence of oligodendroglioma was higher in men than in women. The percentage of oligodendroglial tumors verified by histological confirmation rose from 94% in 1943 to an almost complete confirmation from the beginning of the 1980s (Table 1) . Since 1983, almost 100% of histological tissue specimens have been derived from the primary tumor (data not shown). Table 2 shows that the number of patients with oligodendroglioma receiving surgery versus surgery and radiation in Denmark between 1943 and 2002 has been fairly consistent. Fig. 2 shows that the median survival of patients with oligodendroglioma improved significantly from 1.4 years (95% CI, 1.0-1.6) in patients whose tumors were diagnosed between 1943 and 1977 to 3.4 years (95% CI, 2.6-4.2) in patients whose tumors were diagnosed between 1978 and 1999. in diagnostic criteria. Lönn et al. described an increase in the incidence of glioma mostly confined to the oldest age groups in the population in the Nordic countries including Denmark in the late 1970s and early 1980s, after which the incidence remained fairly stable. 33 We also found that the incidence of oligodendroglioma increased more in older age groups (data not shown) and, in general, that our main findings are in line with those reported in most other studies of the incidence of oligodendroglioma (Table 3 ). The results of the various studies are, however, difficult to compare owing to a lack of consensus about use of the World Standard Population as the reference population.
The first CT scanner was installed in Denmark in 1978. In a recent report on CT scanner capacity in Denmark, 55 scanners were found to be operating in 1998. 31 It is evident that this increased capacity, in general, could
Discussion
In this nationwide, population-based study of 1,304 cases of oligodendrogliomas in Denmark, incidence of this rare tumor varied somewhat when viewed across isolated periods between 1943 and 2002; however, the incidence has been relatively unchanged throughout the period of the study and did not increase significantly from the period 1943-1977 to the period 1978-2002. In addition, we observed a significant long-term improvement in overall survival for patients with oligodendrogliomas diagnosed between 1978 and 1999 as compared with those diagnosed between 1943 and 1977.
It is important to investigate whether the pattern of observed incidence rates of gliomas is real or whether it can be attributed to the introduction of improved diagnostic methods, such as CT and MRI, or to changes have resulted in the diagnosis of more brain tumors. In line with this argument, Helseth showed a close relationship between CT use and an increased incidence of primary brain tumors. 34 Also the introduction of MRI in Denmark is important for the diagnosis of oligodendrogliomas, in particular for the diagnosis of low-grade oligodendrogliomas, which do not always show on CT. Although the role of MRI on oligodendroglioma incidence for now is not evident, it could become more important in the future. Certain studies have shown MRI to be able to distinguish between low-grade oligodendrogliomas and astrocytomas, and also between oligodendroglioma cases with loss of heterozygosity on chromosomes 1p and 19q and oligodendroglioma cases without these characteristics. However, we did not observe a clear increase in the incidence of the rare oligodendroglioma tumor during the study period concurrent with increasing access to CT or MRI scanning facilities.
A rise in the incidence of oligodendroglioma in Denmark was observed in 1978-1982 (Fig. 1) . In 1978, a new classification system, ICD-O, was introduced in Denmark for coding and classifying tumors, in addition to the ICD-7. The introduction of a new classification system can create greater awareness of tumors, and this often results in increased incidence rates immediately after the change. We cannot exclude the possibility that a changed pattern of seeking medical services influenced the incidence, assuming that some patients in the first part of the study period died before diagnosis and further were not diagnosed by autopsy. This number of undiagnosed cases might be reduced in the later period of the study owing to earlier contact with the public health system. However, this possible change in behavior is impossible to evaluate with the use of the information in the Danish Cancer Registry. In addition this factor is speculative and cannot explain major changes in the incidence rates. Several studies have shown that men are at higher risk for developing oligodendroglioma than women. [3] [4] 14, 17 Furthermore, Fleury et al. reported that the peak incidence occurred at a slightly higher age in women than in men. 4 We had a similar finding and speculate that this difference indicates an effect of female sex hormones on the risk of developing oligodendroglioma, with higher levels offering more protection. The fact that oligodendrogliomas are frequently diagnosed later in life in women than in men supports this theory; however, no studies have been published indicating an association.
In this study we found that the survival of patients with oligodendroglial tumors in Denmark has improved, although the improvement is smaller than that seen in other studies (Table 4) . Several factors influence survival, including an early, correct diagnosis, the immediate treatment given, subsequent care, and age. Early, correct diagnoses can be obtained by use of CT and MRI and also by ensuring histological verification of the tumors. The introduction of CT and MRI into clinical practice in Denmark might therefore account for some of the observed increase in survival. Johannesen et al. found that the median duration of the pre-diagnosis period decreased from 12.4 months before the introduction of scanning as a routine diagnostic instrument to 6.1-6.3 months after. 35 A shorter pre-diagnostic period probably allows for earlier treatment and smaller tumor size at the time of diagnosis.
The immediate treatment given to patients with oligodendroglioma is usually surgery, and the extent of surgical resection can affect survival, as shown in three studies. Johannesen et al. reported a survival time of 7.6 years after total resection and 6.4 years after biopsy; however, this study also included other types of astrocytomas in the survival analyses. 35 Likewise, Paleologos and Cairncross described a median survival time of 12.6 years after gross total resection and 4.9 years after subtotal resection. 15 Dehgani et al. reported a difference of only 2.1 years in median survival time after total resection compared with subtotal resection. 36 Brain surgery has undoubtedly improved in Denmark since 1943, and this improvement could be one of the main reasons for increased survival; however, diagnostic capabilities could also partly explain this increase in survival, as more tumors can be diagnosed at a level where total resection is possible.
About 10% of patients with oligodendroglioma in Denmark received chemotherapy in 1978-1982, after which use of this modality decreased. Treatment with chemotherapy is, therefore, unlikely to be responsible for the observed improved survival of patients with oligodendrogliomas diagnosed between 1978 and 1999. However, for a large number of patients (15%-41%) per time period, we have no treatment information ( Table  2) . It is possible some of these have received unreported chemotherapy and thereby contribute to the observed improved survival. A trend to increasing use in 1998 indicates that it would be important to reevaluate the survival of patients with oligodendroglial tumors in Denmark in 5 years' time, although information about treatment is incomplete in the Danish Cancer Registry. The increased survival after the introduction of chemotherapy has been clearly established. But whether chemotherapy is given at first diagnosis or at recurrence seems irrelevant with respect to overall survival. 37 Cairncross and Macdonald reported that chemotherapy is not curative for oligodendrogliomas, but the high response and long response durations are very encouraging. Despite a few patients diagnosed with low-grade oligodendrogliomas who responded well to chemotherapy, it is not the immediate appropriate treatment for these patient groups. 38 Age-dependent variations in prognosis have been observed in several studies, with patients whose tumors were diagnosed at younger ages surviving longer than those who received their diagnosis at older ages. 19, 35, 39 In our study, patients aged 0-44 years made up 42.5% of the study population in the period 1943-1977 and 43.0% in the period 1978-1999; however, no difference in age-specific results for median survival was seen between the two periods (data not shown).
The information on treatment in the Danish Cancer Registry indicated no major change in treatment methods in Denmark during the years under study, indicating that the observed improvement in survival cannot be explained by a change in treatment. Thus, improved diagnostic capacity appears to be the major factor in the increase in median survival time. Although the median survival time appears to be shorter in Denmark than in the United States (Table 4) , the wide confidence intervals in the U.S. study 31, 40 include the risk estimate found in our study, indicating that the small number of cases in the U.S. study can explain the overall results. One could argue that the size of our study and the rigorous data collection method including complete follow-up give these survival data more weight than data from other studies. Nevertheless, we cannot totally exclude the possibility that differences in diagnostic criteria, including a combination of grade 2 and 3 oligodendroglioma tumors, or misclassification of oligodendroglial tumors can explain the differences in the results published so far.
Surprisingly, the median survival in Norway is also found to be longer than that in Denmark (Table 4) . The difference might be explained by the number of cases included in the studies and by differences in criteria for patient selection. The Norwegian study included only patients aged 15 to 69 years, whereas our study included patients aged 0 to more than 90 years. The age-dependent variation in survival can explain part of the difference in results. Our study has a number of advantages. With 1,304 cases of oligodendroglioma, this study is the largest study conducted so far. It is based on data from a nationwide, population-based cancer registry and not on surgical series of brain cancer patients from various hospitals. In addition, the data were cross-checked against data in other administrative registries by a unique personal identifier. The entire quality control process is supervised by medical doctors. The data in the Danish Cancer Registry are of high quality, and the source population is homogeneous and has free access to medical care, thereby reducing the likelihood of selection or information bias. As this study is based on data from registries, it is not vulnerable to the potential bias seen in studies based on self-reported data.
The limitations of our study include the possibility of coding errors. Furthermore, use of registry data does not allow evaluation of the effect of changes in histopathological criteria. The diagnosis of this tumor is difficult, and a centralized pathological review would reduce misclassification. Although possible misclassification of oligodendroglioma could create bias, the extensive histological verification in our study was mainly conducted at large university-based neuropathological departments, which to some extent could have eliminated this potential bias. New evidence suggests that gene arrays contribute to a better classification of cases of oligodendrogliomas. 37 Lead-time bias can also influence survival analysis; thus, the improved survival after 1978 versus before is partly due to an earlier diagnosis.
Between 1943 and 2002 the incidence of oligodendroglioma in Denmark, although somewhat variable when viewed across isolated periods, has been relatively unchanged. A comparison of the two study periods before and after 1978 did not reveal a significant increase in the incidence rate. A 2-year increase in the median survival of patients with oligodendroglial tumors occurred between 1943-1977 and 1978-1999 . This study underscores the importance of an early diagnosis of cases of oligodendrogliomas, thereby ensuring the appropriate treatment and outcome for patients.
